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The micro heat exchangers or micro reactors in miniature chemical and thermal systems entail the design know-how of
microchanneled plates or miniaturized multichannel passages with ﬁns. With the increase of temperature and pressure in
the chemical and thermal systems, the design of the miniature components against creep failure becomes a primary con-
cern. To develop a simpliﬁed design method, the time-dependent deformation and stresses of the plate–ﬁn structures are
analyzed by assuming the ﬁns as elastic springs. Using the numerical inversion of Laplace transform and the standard lin-
ear solid model, the analytic expressions of the deformation and stresses are derived. The feasibility and accuracy of the
method are veriﬁed by a comparison of the analytical results with ﬁnite element simulations.
 2007 Elsevier Ltd. All rights reserved.
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The miniaturization trends in designing mechanical devices have been going on in this century. Strength
characterization (Chen and Ou, 2004) of micro- electro-mechanical system (MEMS) has received much atten-
tion because of the extreme variance of the surface to volume ratio of the components. Meanwhile, additional
challenges are met due to the development of micro- or meso- chemo mechanical systems (MCMS). Micro
reactors of multichanneled plates, for instance, have been developed aiming at microscale fuel cell power sys-
tems (Yu et al., 2005; Wegeng et al., 2001). Plate–ﬁn (or multichanneled plate) heat exchangers have been fab-
ricated by diﬀusion bonding which may possibly lead to the development of micro or mesoscale high
temperature nuclear power generation system (Takeda et al., 1997). Various micro reactors and micro heat
exchangers have been developed for a variety of applications (Zou et al., 2005; Le et al., 2003; Narayanan
and Venkatarathnam, 1999; Gromoll, 1998). The devices are generally composed of a number of microchan-
neled plates or pressurized rectangular passages with multiple internal ﬁns, as shown in Fig. 1. It is obvious0020-7683/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijsolstr.2007.03.009
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Fig. 1. The plate–ﬁn structure of micro heat exchangers or micro reactors.
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admission of high temperature and high pressure in MCMS for higher eﬃciency, the structural design against
creep becomes a primary concern.
Currently there are no simpliﬁed methods available for the evaluation of time-dependent deformation and
stresses of the structure. The state-of-the-art in this ﬁeld involves the use of elastic stresses of rectangular ves-
sels without internal ﬁns (Blach et al., 1990; Guo and Zeng, 1997). While numerical techniques have facilitated
large scale computations, analytical formulas can optimize the selection of geometry and material type with
relative ease and save costs and time, which should be of help in the development of the future design codes.
In what follows, an approximate analytic solution is given for the time-dependent deformation and stresses
of the system in Fig. 1. Reducing the problem to manageable proportions, the plate–ﬁn structure is assumed to
consist of a plate on elastic foundation with small deformation (Vostroukhov and Metrikine, 2003; Cheung
et al., 1996). Compared with the numerical simulation results, the feasibility and accuracy of the analytical
solution are veriﬁed. Furthermore, the eﬀects of material and structural parameters on the viscoelastic behav-
ior of the structure are studied.2. Elastic systems
Due to small channel width and thin ﬁns, the multiple ﬁn conﬁguration is assumed to be an elastic medium
or mechanical spring. A single-passage structure is simpliﬁed as a pressurized rectangular passage with internal
elastic medium. The side bar is wide enough to be considered as ﬁxed supported. Small deformation thin plate
bending theory is used (Fig. 2).
Let x, y be the coordinates of any point on the middle surface z = 0 referred to the un-deformed state.
Assuming the displacement w(x,y) is governed by the following diﬀerential equation (Ugural, 1981)o4w
ox4
þ 2 o
4w
ox2oy2
þ o
4w
oy4
þ kw
D
¼ p
D
; ð1Þwhere p is the transverse load, q = kw the reactive force, k = tfE/(h Æ pf) the foundation modulus, and
D ¼ Et3s=½12ð1 m2Þ the ﬂexural rigidity of the plate. Note that, E is Young’s modulus and m is Poisson’s ratio.
The fourth order Kirchhoﬀ plate theory uses the equivalent boundary conditions as given byx ¼ a
2
w ¼ 0 owox ¼ 0
y ¼ 0; b w ¼ 0 o2woy2 ¼ 0
(
ð2ÞTake the deﬂection w and the pressure load p in the form of a trigonometric series (Timoshenko and Woinow-
sky-Krieger, 1987)wp ¼
X
m
fmðxÞ sinmpyb ; p ¼
X
m
pmðxÞ sin
mpy
b
ð3Þsuch that
ab
Fig. 2. Simpliﬁed model of the single-layer channel plate. (a) Channel plate subjected the uniform load. (b) Channel plate subjected the
bending moment.
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3. Viscoelastic systems
Stress-analysis of viscoelastic bodies involves time such that initial conditions for time come into play.
Laplace transform can be used to reduce the problem to a static one in the transformed domain. And the
inverse Laplace transform stated in Eq. (12) can be used to invert the solution back to the physical plane. Note
thatf ðsÞ ¼
Z 1
0
f ðtÞestdt; ð12Þwhere f ðsÞ is image function, f(t) is primitive function. The classical correspondence principle (Kovarik, 1995)
applies because linear elastic and viscoelastic boundary conditions are invoked.
3.1. Fundamental equations
Assume a viscoelastic plate resting on a viscoelastic foundation. The equilibrium and geometrical equations
are given byrij;jðtÞ þ F iðtÞ ¼ 0 ð13Þ
ijðtÞ ¼ ½ui;jðtÞ þ uj;iðtÞ=2; ð14Þwhere rij, ij and ui are, respectively, components of stress, strain and displacement. The body forces are Fi.
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P 00ðtÞrkkðtÞ ¼ Q00ðtÞkkðtÞ;


ð15Þwhere Sij and eij are, respectively, the deviatoric parts of the stress and strain tensor. The diﬀerential operators
P 0(t), Q 0(t), P00(t) and Q00(t) are deﬁned as follows:P 0ðtÞ ¼
Xm0
0
p0k
dk
dtk
; Q0ðtÞ ¼
Xn0
0
q0k
dk
dtk
P 00ðtÞ ¼
Xm00
0
p00k
dk
dtk
; Q00ðtÞ ¼
Xn00
0
q00k
dk
dtk
ð16ÞThe initial conditions areuiðtÞ ¼ ijðtÞ ¼ 0; 1 < t < 03.2. Correspondence principle
The ‘‘correspondence principle’’ based on the use of Laplace transform reduces Eq. (15) for the homoge-
neous material to the linear elastic expressionSijðsÞ ¼ 2sGðsÞeijðsÞ
rkkðsÞ ¼ 3sKðsÞkkðsÞ;


ð17Þwhere G and K are, respectively, shear modulus and bulk modulus of the material.
In the above equations, s is the complex variable, the bar denotes the transformed quantities. For the quasi-
static viscoelasitc problem, Poisson’s ratio can be taken as a constant (Christensen, 1982). Accordingly, the
equivalent material parameters can be expressed as (Carini and Gioda, 1986):sGðsÞ ¼
G0ðsÞ
2 P 0ðsÞ ð18Þ
sEðsÞ ¼ ð1þ mÞ
Q0ðsÞ
P 0ðsÞ ; ð19ÞwhereP 0ðsÞ ¼
Xm0
0
p0ks
k; Q0ðsÞ ¼
Xn0
0
q0ks
kThe correspondence principle can be applied to the solution of viscoelasticity from the elastic solution, if in
addition to the constitutive relations, the equilibrium and compatibility equations, and boundary conditions
can be transformed by Laplace operation.
Assume an operator-type stress-strain law for plate and foundation, the elastic coeﬃcients in Laplace trans-
forms plane can be expressed by the viscoelastic operators. At the same time the surface load, now a function
of time, as well as all other dependent variables are replaced by their Laplace transform with respect to time.
Accordingly, for the one-dimensional case under consideration, and for ‘‘at rest’’ initial conditions, the asso-
ciated Laplace transform equation becomesDr4wþ skw ¼ p; ð20Þ
where sk ¼ tf sE=ðh  pf Þ, D ¼ t3s sE=½12ð1 m2Þ, p(t) = p0H(t), p ¼ p0=s, and H(t) is Heaviside unit function.
Denote Laplace transform of the plate parameter am and bm are given by am and bm, respectively. Then the
expression for Laplace transform of the plate deﬂection can be written as:
6796 G.-Y. Zhou, S.-T. Tu / International Journal of Solids and Structures 44 (2007) 6791–6804wðsÞ ¼
X
m
Am cosh amx cos bmxþ Bm sinh amx sin bmxþ 1
 
f m sin
mpy
b
ð21ÞIn a similar manner, Laplace transform of the reactive force can be given as:qðsÞ ¼
X
m
Am cosh amx cos bmxþ Bm sinh amx sin bmxþ 1
 
skf m sin
mpy
b
ð22ÞLaplace transform of the endogenetic forces areMxðsÞ ¼
X
m
D
mp
b
 2
ðm 1ÞAm 
ﬃﬃﬃﬃ
sk
D
s
Bm
2
4
3
5 cosh amx cos bmx
8<
: þ mpb
 2
ðm 1ÞBm þ
ﬃﬃﬃﬃ
sk
D
s
Am
2
4
3
5
sinh amx sin bmxþ m mpb
 2
f m sin
mpy
b
ð23Þ
MyðsÞ ¼
X
m
D
mp
b
 2
ð1 mÞAm  m
ﬃﬃﬃﬃ
sk
D
s
Bm
2
4
3
5 cosh amx cos bmx
8<
: þ mpb
 2
ð1 mÞBm þ m
ﬃﬃﬃﬃ
sk
D
s
Am
2
4
3
5
sinh amx sin bmxþ mpb
 2
f m sin
mpy
b
; ð24Þwheream ¼ 1
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
mp
b
 4
þ s
k
D
s
þ mp
b
 20@
1
A
2
4
3
5
1=2
bm ¼ 1
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
mp
b
 4
þ s
k
D
s
 mp
b
 20@
1
A
2
4
3
5
1=2
f m ¼ 4b
4p0
mpsðm4p4 Dþ skb4Þ
Am ¼ 2
am cosh
ama
2
sin
bma
2
þ bm sinh ama2 cos
bma
2
am sin bmaþ bm sinh ama
Bm ¼ 2
am sinh
ama
2
cos
bma
2
 bm cosh ama2 sin
bma
2
am sin bmaþ bm sinh ama3.3. Mechanical model
The standard linear solid (see Fig. 3) is a mechanical model relating components of stress and strain, and is
applied as the deformable material property of the construction. The constitutive relation shown in Eq. (17)
can be written as (Christensen, 1982):Fig. 3. The standard linear solid model.
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where p0 = 1, p1 = g/(k1 + k2), q0 = k1k2/(k1 + k2), q1 = k1g/(k1 + k2), k1 and k2 are the spring constants and g
is the coeﬃcient of viscosity. The diﬀerential operators in the Laplace space areP 0 ¼ 1þ p1s; Q0 ¼ q0 þ q1s ð26Þ
Deﬁnes1 ¼ q1=q0 ¼ g=k2; s2 ¼ p1=p0 ¼ g=ðk1 þ k2Þ; k ¼ q1=p1 ¼ k1;
where s1 > s2 is needed. Then the expressions of the material parameters are represented assGðsÞ ¼ q0 þ q1s
2ð1þ p1sÞ
¼ kð1=s1 þ sÞ
2ð1=s2 þ sÞ ð27Þ
sEðsÞ ¼ ð1þ mÞðq0 þ q1sÞ
1þ p1s
¼ ð1þ mÞðkð1=s1 þ sÞÞ
1=s2 þ s ð28Þ
DðsÞ ¼ t
3
s sE
12ð1 m2Þ ¼
t3skð1=s1 þ sÞ
12ð1 mÞð1=s2 þ sÞ ð29Þ4. Numerical inversion of laplace transform
To determine the function f(t) from its Laplace transform f ðsÞ, the numerical inverse transformation will be
used by application of the inﬁnite sequence of equidistant points. The f(t) can be written asf ðtÞ ¼
X1
l¼0
cl/ðtÞ; ð30Þwhere the /’s are known function, and the constants cl can readily be determined from the values of f ðsÞ at the
equidistant points. The /’s can be chosen form several sets of complete orthogonal functions, such as the trig-
onometric set, the Legendre polynomials, the Laguerre polynomials, the Jacobi polynomials and so on.
In the present paper, we adopt the method from Papoulis (Papoulis, 1956) and assume /’s are sinusoidal
functions. On the real s-axis, we deﬁnesl ¼ ð2lþ 1Þr; r > 0; l ¼ 0; 1; 2    ð31Þ
It should therefore be possible to express f(t) directly in terms of f ½ð2lþ 1Þr.
We introduce the variable h deﬁned bycos h ¼ ert r > 0
The (0, +1) interval transforms into the interval (0,p/2), and f(t) becomes f(ln cosh/r).
For simplicity of notation we shall denote the above function by f(h) using the same letter f.
The deﬁning Eq. (12) takes the formrf ½ð2lþ 1Þr ¼
Z p=2
0
ðcos hÞ2l sin hf ðhÞdh ð32ÞIf f(0) = 0, the function f(h) can be expanded into an odd-sine seriesf ðhÞ ¼
XN
l¼0
cl sin½ð2lþ 1Þh ð33ÞNext determine the coeﬃcients cl. Hence,ðcos hÞ2l sin h ¼ e
ih þ eih
2
 	2l
eih  eih
2Expanding in the right hand side and properly collecting terms, there results
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ð35ÞIf f(0)50, without loss of generality, assume that f1(0) = 0 subtracting a constant from f(h), it is found thatf1ðhÞ ¼ f ðhÞ  f ð0Þ
Due to f ð0Þ ¼ lims!1sf ðsÞ, the function f 1ðsÞ can thus be evaluated asf 1ðsÞ ¼ f ðsÞ  f ð0Þ=s
By the same procedure as mentioned above, the approximation of f(h) can be given as f(h) = f1(h) + f(0).
According to the above equations, a computer program based on FORTRAN can be easily coded to
achieve the numerical viscoelastic solution of channel plates.
5. Veriﬁcation
In order to verify the above formulae, the viscoelastic deﬂection and stresses in a rectangular passage of a
micro heat exchanger is computed using the general purpose ﬁnite element software ABAQUS.
The geometric parameters in the problem are taken to be 20 mm in length, 10 mm in width. The material
thickness between the two ﬂuids is 200 lm. The microchannels have a width of 250 lm and a depth of 400 lm,
and are separated by 50 lm thick channel walls. The studied material is a kind of resin (Liang and Du, 2001),
which has an elastic modulus of E = 4.0 · 103 MPa and a Poisson’s ratio of m = 0.38, and is operated in ambi-
ent temperature. In the standard linear solid model, the spring constants k1 = 3.2 GPa, k2 = 1.37 GPa, the
coeﬃcient of viscosity g = 22.9 GPa Æ s. The internal pressure in the passage is p0 = 4.0 MPa. In Figs. 5–12,
the following parameters are used, except otherwise stated, s1 = 16.5 s, s2 = 5.0 s, k = 3.2 GPa, h = 400 lm,
pf = 250 lm, tf = 50 lm.
According to the symmetrical condition, the mechanical model is built up by a half of passage. Uniform
structured grid with hexahedron element, C3D8, is used for the 3-D model of plate–ﬁn structure. In order
to obtain the accurate and valid results, two-layer grids have been meshed along the ﬁn thickness (shown
in Fig. 4). The studied model contains about 800,000 elements.
The illustrative plots show that the results from the analytical method are in close agreement with those
from the numerical simulation. From Fig. 5a and b, it can be seen that the maximum deﬂection and bending
stress are approximately reached at x/a = 0.03 or x/a = 0.97, which are the angular point of the second chan-
nel. However, both of them are approximately constant in the large ﬁelds around the center of the base plate.
Fig. 4. Local mesh of the microchanneled plate.
a b
Fig. 5. Viscoelastic behavior along the normalized distance at diﬀerent time. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
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spot from FEA and analytical method are plotted in Fig. 6a and b, and the detailed data are displayed in
Appendix A. It can be seen that the relative deviation between the results obtained from the analytical method
and from the numerical simulations is lower than 5%. It implies that, as expected, the small deformation the-
ory and the rectangular structural model can be successfully used in the analysis of pressurized rectangular
passage with multiple internal ﬁns.6. Discussion
Some typical examples of diﬀerent material and structural parameters are discussed. For all cases, the
geometry is a = 20 mm, b = 10 mm, ts = 200 lm, and the instant of the force applies at t = 0 s.
s1, s2 and k are key character parameters of the material in the procedure mentioned above. Computations
are performed for the time-dependent deﬂection and bending stress on maximum stress spot with respect to s1,
s2 and k. The results of these computations are shown in Figs. 7–9. It can be seen that there exists a jumping
value for the deﬂection at the time t = 0 s, and this means the transient response. Furthermore, the viscoelastic
deﬂection increases monotonically with time until it reaches a constant value which is known as elastic solu-
tion. The similar trend can be found in the development of viscoelastic bending stress. Referring ﬁrst to Fig. 7,
it illustrates the viscoelastic behavior with respect to various retardation time s1 for relaxation time s2 = 5.0 s
and k = 3.2 GPa. For diﬀerent retardation time s1, the initial value and amplitude of the viscoelastic deﬂection
and bending stress rise as s1 increases. Fig. 8 shows the time-dependent deﬂection and bending stress with
respect to various relaxation time s2 for the retardation time s1 = 16.5 s and k = 3.2 GPa. It is obvious that
the viscoelastic deﬂection curves rising trend rapidly increase with s2 decreasing. In Fig. 9, it may be noted
a b
Fig. 7. Development of viscoelastic behavior against parameter s1. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
a b
Fig. 6. Comparison of FEA and analytical results. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
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larger than 10 GPa, the eﬀect of the viscoelasticity on the deﬂection will disappear gradually. Similarly, as s1 is
much closer to s2, it will disappear also, see Figs. 7a and 8a. In addition, from Figs.7b, 8b and 9b, the eﬀect of
the three material parameters on the viscoelastic bending stress is not remarkable.
Assuming material parameters s1 = 16.5 s, s2 = 5.0 s, and k = 3.2 GPa, geometrical models are built by vary-
ing ﬁn height (200, 250, 300, 350, 400, 450, 500, 550, and 600 lm separately), thickness (20, 25, 30, 35, 40, 45, 50,
55, and 60 lm separately) and spacing (100, 150, 200, 250, 300, 350, 400, and 450 lm separately), respectively,
and are computed respectively by the procedure mentioned above. The time-dependent deﬂection and bendinga b
Fig. 8. Development of viscoelastic behavior against parameter s2. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
a b
Fig. 10. Viscoelastic behavior against passage height h. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
a b
Fig. 9. Development of viscoelastic behavior against parameter k. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
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plotted in Figs. 10–12, respectively. It can be seen that both the initial value and amplitude of them rise linearly
with the increasing of the passage height or channel width, while decrease in parabolic trend line with the increas-
ing of the ﬁn thickness. As for the viscoelastic deﬂection, the amplitude increases more rapidly than the initial
value with the increasing of passage height and channel width (or the decrease of ﬁn thickness).a b
Fig. 11. Viscoelastic behavior against ﬁn thickness tf. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
a b
Fig. 12. Viscoelastic behavior against channel width pf. (a) Viscoelastic deﬂection. (b) Viscoelastic bending stress.
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The microchanneled plates or rectangular passages with multiple internal ﬁns are the key components for
the miniaturization of chemical and thermal systems. For the systems to operate at high temperature, it is
essential to study the viscoelastic behavior of the structures. The time-dependent deﬂection and bending stress
of the pressurized rectangular passages with multiple internal ﬁns are thus studied in the present work by using
the small deformation thin plate bending theory and numerical inversion of Laplace transform. For a set of
structural parameters, the viscoelastic deﬂection and bending stress have also been computed using ﬁnite ele-
ment method. Based on the comparison of these two methods, the feasibility and accuracy of the analytical
method of the rectangular passages are validated. Furthermore, the inﬂuence of material or structural param-
eters on the viscoelastic deﬂection (or viscoelastic bending stress) is discussed. The following conclusions can
be drawn from the study.
(1) It has been shown that the time-dependent deﬂection and bending stress at the critical point of maximum
stress (or along the normalized distance) from the analytical method are in good agreement with those
from the ﬁnite element method. The maximum deﬂection is smaller than twenty percent of the thickness
of the parting sheet under the normal operation condition. The results indicate that it is reasonable to
use the small deformation thin plate bending theory and elastic foundation assumption in the
simpliﬁcation.
(2) There exists a transient response for the deﬂection at the time t = 0. The viscoelastic deﬂection and bend-
ing stress increase monotonically with time until they reach a constant value which is known as ultimate
elastic solution.
(3) The inelastic analyses have been performed on the pressurized rectangular passage with diﬀerent mate-
rial parameters. With the increasing of the retardation time s1, the initial value and amplitude of the vis-
coelastic deﬂection and bending stress rise. However, they decrease with the relaxation time s2 or k.
Furthermore, the parameter s2 has a more signiﬁcant eﬀect on the amplitude of viscoelastic deﬂection
and bending stress. The initial values are strongly aﬀected by the parameter k.
(4) It is shown that the viscoelascticity of pressurized rectangular passages is strongly aﬀected by structural
parameters. With the increasing of the ﬁn height or ﬁn spacing, the initial value and amplitude of vis-
coelastic deﬂection and bending stress appear to increase linearly. However, the initial value and ampli-
tude decrease in a nonlinear trend with the increase of ﬁn thickness.
Although the present approach is originally presented for the microchanneled heat exchanger, it can be eas-
ily extended to other similar plate–ﬁn or multichannel structures such as plate ﬁn heat exchanger, microscale
mixer and micro reactor of multiple internal ﬁns. However, it should be pointed out that as a robust analysis
the method gives an estimation of the primary deformation and stress without considering the material inho-
mogeneity at microscale. Nevertheless, it might be possible to include the material factors in the speciﬁcation
G.-Y. Zhou, S.-T. Tu / International Journal of Solids and Structures 44 (2007) 6791–6804 6803of the strength allowance for the structural design, which will necessitate a further study on measurement of
material strength at microscale.Acknowledgments
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Time
t/s
Viscoelastic deﬂection w/mm Viscoelastic bending stress r/MPa
by
Formula
by
FEA
Error
(%)
by
Formula
by
FEA
Error
(%)
0 1.689578 1.631580 3.55 0.002150 0.002060 4.37
5 1.817213 1.775158 2.37 0.003434 0.003220 6.64
10 1.917330 1.872055 2.42 0.004270 0.004030 5.95
15 1.957963 1.927048 1.60 0.004814 0.004640 3.75
20 1.981148 1.958483 1.16 0.005169 0.005030 2.76
25 1.997073 1.976452 1.04 0.005399 0.005290 2.07
30 2.001522 1.986724 0.74 0.005550 0.005470 1.46
35 2.005855 1.992595 0.67 0.005647 0.005580 1.21
40 2.008665 1.995951 0.64 0.005711 0.005630 1.44
45 2.008665 1.997560 0.56 0.005753 0.005700 1.28
50 2.008665 1.997567 0.61 0.005780 0.005710 1.58
55 2.009810 1.997574 0.62 0.005800 0.005720 1.57
87 2.010010 1.997580 0.62 0.005810 0.005730 1.40
119 2.010010 1.997610 0.62 0.005810 0.005730 1.40
151 2.010010 1.997610 0.62 0.005810 0.005730 1.40
183 2.010010 1.997610 0.62 0.005810 0.005730 1.40
215 2.010010 1.997610 0.62 0.005810 0.005730 1.40
247 2.010010 1.997610 0.62 0.005810 0.005730 1.40
279 2.010010 1.997610 0.62 0.005810 0.005730 1.40
311 2.010010 1.997610 0.62 0.005810 0.005730 1.40
343 2.010010 1.997610 0.62 0.005810 0.005730 1.40
375 2.010010 1.997610 0.62 0.005810 0.005730 1.40
407 2.010010 1.997610 0.62 0.005810 0.005730 1.40
439 2.010010 1.997610 0.62 0.005810 0.005730 1.40
471 2.010010 1.997610 0.62 0.005810 0.005730 1.40
500 2.010010 1.997610 0.62 0.005810 0.005730 1.40References
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